Breakfast is considered the most important meal of the day, especially for schoolchildren. To address the need for data to develop public health policies and programs for children in Saudi Arabia, we aimed to investigate the association between breakfast consumption habits and cognitive/academic performances among primary schoolchildren in Riyadh. A cross-sectional study was conducted among schoolchildren (aged 6 to 12 years), randomly selected from 8 primary schools. Anthropometric measurements were obtained to determine the body mass index (BMI)-for-age percentile. A self-reported questionnaire was used to collect information on their breakfast consumption habits. Cognitive functioning was assessed using the Raven Progressive Matrices test. The academic performance was determined using their scores in three subjects. Statistical analyses were performed using STATA 15 (Stata Corp., College Station, Texas). A total of 384 students were included in this study. The mean (± SD) age of the subjects was 9.1 ± 1.7 years. Sixty percent of the schoolchildren reported consuming breakfast more than 4 times per week. Breakfast consumption was significantly associated with cognitive test scores. Children who consumed breakfast regularly were found to be twice more likely to achieve higher cognitive scores compared to those who were not regular breakfast consumers. A greater percentage of schoolchildren who consumed breakfast regularly achieved excellent scores in mathematics (78%), science (87%), and Arabic language (98%). However, the difference in the academic performances of regular breakfast consumers and skippers did not achieve statistical significance. In conclusion, the findings of the present study support the hypothesis that regular consumption of breakfast has a short-term positive impact on the cognitive function and performance among young children. Nevertheless, the long-term beneficial effects of having regular breakfast on the academic performances of schoolchildren were not confirmed. School breakfast programs should, therefore, be developed and implemented to promote healthy eating habits among school-age children. Aaslid R, Huber P, Nornes H, 1984. Evaluation of cerebrovascular spasm with transcranial Doppler ultrasound. J Neurosurg, 60: 37-41. Abdel-Khalek A, 2005. Reliability and factorial validity of the standard progressive matrices among Kuwaiti children ages 8 to 15 years. Perceptual Motor Skills, 101(2): 409-412. . Breakfast consumption habits among schoolchildren: A crosssectional study in Riyadh, Saudi Arabia. Int Res J Med Med Sci, 6(2): 50-55. Baldinger N, Krebs A, Muller R, Aeberli I, 2012. Swiss children consuming breakfast regularly have better motor functional skills and are less overweight than breakfast skippers. J Am Coll Nutr, 31: 87-93. Barr SI, DiFrancesco L, Fulgoni VL, 2014. Breakfast consumption is positively associated with nutrient adequacy in Canadian children and adolescents. 3rd edition. Br J Nutr, 112(8): 1373-83. A critical period of brain development: studies of cerebral glucose utilization with PET. Prev Med, 27: 184-188. Cooper S, Bandelow S, Nevill M, 2011. Breakfast consumption and cognitive function in adolescent schoolchildren. Physiol Behav, 103: 431-439 Coulthard J, Palla L, Pot G, 2017. Breakfast consumption and nutrient intakes in 4-18-year-olds: UK National Diet and Nutrition Survey Rolling Programme (2008-2012). Br J Nutr, 118(4): 280-290. De la Hunty A, Gibson S, Ashwell M, 2013. Does regular breakfast cereal consumption help children and adolescents stay slimmer? A systematic review and meta-analysis. Obes Facts, 6(1): 70-85. De Onis M, Onyango A, Borghi E, Siyam A, Nishida C, Siekmann J, 2007. Development of a WHO growth reference for school-aged children and adolescents. Bulletin of the World Health Organization, 85:660-7. Retrieved from: https://www.who.int/growthref/growthref_ who_bull/en/.
INTRODUCTION
Breakfast has been labeled as the most important meal of the day, especially for school-aged children. This assumption is largely based on evidence which demonstrates the positive effects of consuming breakfast on children's body mass index (BMI), physical activities, school attendance and academic achievements (Koca et al., 2017; Dye and Lawton, 2009; De La Hunty et al., 2013; Sandercock et al., 2010) . Despite inconsistent findings, studies have reported that consuming breakfast has a positive effect on the cognitive performance of schoolchildren, particularly in domains such as attention, memory, problem solving skills, and logical reasoning (Adolphus et al., 2016; Iovino et al., 2016; Wesnes et al., 2003) .
No definitive conclusions can be drawn from the existing data on the mechanisms that underlie the association between breakfast consumption and cognitive functions in children. One of the possible explanations is the nutritional effect of the breakfast meal on children's brain activity. Studies have considered the possibility that the nutritional benefits of consuming breakfast may play a role in the cognitive improvement observed among breakfast consumers. Data from several studies have demonstrated that breakfast consumers have a higher intake of fiber, vitamins (e.g., vitamin C, D, folic acid, and B 12 ) and minerals (calcium and iron) (Pereira et al., 2018; Coulthard et al., 2017; Barr et al., 2014) .
Studies have also shown that an increase in glucose levels following a meal may be involved in the short-term cognition improvement, which was observed in subjects who consumed breakfast (Feldman and Barshi, 2007) . On the other hand, hypoglycemia has been reported to cause nervousness, tiredness, confusion, and slowed mental functions (Perlmuter et al., 2008) . Studies have reported that brain glucose metabolism is higher in children compared to adults and that the metabolic rate of cerebral glucose utilization in children is approximately twice as high as in adults (Chugani, 1994; Chugani, 1998) . The average cerebral blood flow and cerebral oxygen utilization are also greater among children compared to adults (Aaslid et al., 1984) . Thus, children exert a higher demand on the glycogen stores, especially after the overnight fasting period, which is often longer during childhood than in adulthood. Breakfast consumption may, therefore, fulfill these high demands in this age group by providing them with adequate energy for the morning.
A good deal of earlier research has explored the importance of breakfast consumption on cognitive and academic performances in schoolchildren worldwide (Wesnes et al., 2003; Ral et al., 2012; Defeyter and Russo, 2013; Mahoney et al., 2005; Cooper et al., 2011; Liu et al., 2013; Mohd Nasir et al., 2012; Pivik et al., 2012; Baldinger et al., 2012) . Considering the importance of consuming breakfast among school-aged students, and the need for data to develop public health policies and programs in Saudi Arabia, the current study aimed to investigate the association between self-reported breakfast habits and the cognitive/academic performances in elementary school students in Riyadh. It also aimed to explore the association between the breakfast composition, defined by food groups, and the academic performances of these children. Given the lack of such studies focusing on this age group in Saudi Arabia, this study is a significant one.
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MATERIALS AND METHODS
Study area and subjects
A cross-sectional study was carried out in 8 primary schools (privet and public) in Riyadh, Saudi Arabia between September to November 2016. Schools at all levels in Saudi Arabia are gendersegregated. We selected female students between age of 6 and 12 years who attending those schools. The method of selecting the study participants, sample size estimation and data collection on nutrional status have been described in previously (Al Turki et al., 2018) .
The study protocol was approved by the King Abdullah International Medical Research Centre (Ref. No. RYD-16-419812-139269) . Additionally, permission to carry out the study was obtained from the Saudi Ministry of Education, while verbal consent was obtained from the administrations of all the selected schools. Informed written consent was also obtained from the parents of the schoolchildren before the data collection.
Data collection
Nutritional status
The children's' ages were obtained from school records to determine the BMI-for-age percentile for our sample. For the anthropometric measurements, the weight and height were assessed by three trained researchers using an electronic body scale (Seca 769). These measurements were repeated twice for each participant, and the average value was considered. The children were asked to remove their shoes and any heavy pocket content before the measurements. The BMI-for-age percentile was first calculated as weight in kilograms divided by height in meters squared, which was then categorized as < 5th percentile, ≥ 5th and < 85th percentile, ≥ 85th and < 95th percentile, and ≥ 95th percentile. The nutritional status of the children was determined based on the WHO growth reference data (De Onis et al., 2007) .
Breakfast consumption habits
Schoolchildren completed a self-report questionnaire consisting of 11 questions exploring their breakfast consumption habits, including the frequency and the types of items consumed (Khan, 2011) . The content validity of this questionnaire has been checked and described in an earlier publication (Al Turki et al., 2018) . Breakfast consumption frequency was calculated based on the number of breakfasts consumed per week. We categorize the participants into "breakfast consumer" if they consumed breakfast on a regular basis and into "Breakfast skippers" if they not based on their answer of related question on the questioner. Furthermore, we further redefined this based on frequency of breakfast consumption/ week. Thus we grouped the study population into students who consume breakfast to those who had breakfast more than 4 times per week and "and less than 4 days per week "group for students who consume 4 and more time to enhance the validity of our definition of breakfast consumption.
Cognitive functioning
Cognitive functioning was assessed using the Raven Progressive Matrices (RPM), a nonverbal test designed to assess cognitive ability in children aged between 5 to 11 years (Raven, 2008) . This test helps measure the educative and reproductive abilities of children. It consists of 36 items in 3 sets of 12 items each that are listed in order of increasing difficulty. In each item, the child completes a pattern by identifying the missing element, which eliminates the influence of language and/or cultural bias. The RPM is a validated test and has been used previously to assess cognitive ability in children in several Arabian Countries, including Saudi Arabia (Abdel-Khalek et al., 2006; Abdel-Khalek, 2005; Batterjee et al., 2013) .
The test was conducted during the first class of the school day. To ensure that the children are familiar with the test, the researchers spent a few minutes explaining the instructions and answering any questions the children had. The test was administrated individually in a quiet classroom and was completed in 60 minutes.
The results of the test were presented as the number of correct responses, and the final score was calculated by adding the scores for each of the three sets. The final scores were presented as a percentile scale as follows: superior intellectual ability: score ≥ 95; above average: score ≥ 75 and < 95; average: score >25 and < 75; below average: score > 5 and ≤ 25 and intellectually defective: score ≤ 5.
Academic performance
The academic performances of the children were assessed based on the academic year's final exam scores, which were obtained from the school records. The final score represents the continuous assessment during the term and the final assessment for each subject. The final scores for Mathematics, Science, and the Arabic language were chosen to be included in the study. According to the Saudi Educational System for primary level, schoolchildren are graded as follows: excellent: ≥ 95, advanced: between 85 and 95, average: between 75 and 85, and fail: < 75 (Saudi Ministry of Education, 2017).
Statistical analysis
Descriptive statistics were used to describe the characteristics of the participants. Mean and standard deviation (SD) have been used for continuous variables and frequencies and percentages for categorical variables. The Pearson chi-square test was used to examine the association between breakfast consumption habits and cognitive/academic performance (as categorical variables) if one or more of the cells had an expected frequency of five or more. Otherwise, Fisher's exact test was used. For analyzing the association between breakfast consumption habits and cognitive performance (as a continuous variable), we used the independent ttest. Logistic regression analyses were performed to determine the effects of breakfast consumption on cognitive test scores. For this analysis we regrouped the cognitive scores into "below average" that include the intellectually impaired and below average scores and "average and above" category that include the average, above average, and intellectually superior scores .The effect values were reported as odds ratio (OR) with their 95% confidence intervals (CIs). A p value of less than 0.05 was considered statistically significant. All statistical analyses were performed using STATA 15 (Stata Corp., College Station, Texas).
RESULTS
Demographic characteristics of participants and their breakfast consumption habits
A total of 384 schoolchildren aged between 6 and 12 years (mean 9.1 ± 1.7 years) were recruited for the study.
Al Turki et al. 77 This sample represented all grade levels at the primary school system in Saudi Arabia (6 grades). While 61% of the participants had normal BMI, 30% of them were overweight or obese, and 9% were underweight. Table 1 shows the demographic profiles of all the children in the study, including both breakfast consumers and skippers. Eighty eight percent of the participants reported that they consumed breakfast on a regular basis. The breakfast skippers were found to be older (mean age: 9.7±1.3 years) than the breakfast consumers (mean age: 9.1±1.7 years). Of the children enrolled in public schools, 51% reported that they consumed breakfast regularly, compared to 48% from private schools. The BMI was comparable between the two groups.
After restricting the definition of "breakfast consumer" to those who had breakfast more than 4 times per week, the percentage of breakfast consumers dropped to 60%. While more than half of the schoolchildren in our sample consumed breakfast more than 4 times per week (58%), only 2% did so 5 or more times per week.
Association between breakfast consumption habits and cognitive/academic performances
The mean raw cognitive score of the schoolchildren in our sample was 23.7 ± 7.5. Breakfast consumers had a higher mean row cognitive score (23 ± 7.6) compared to the breakfast skippers (22 ± 5.9). Based on the cognitive test scores, while 14% of the schoolchildren were intellectually superior, 31% were above average, 39% were average, and 15% were either below average or intellectually impaired (Table 2) . Using Fisher's exact test, we found a statistically significant relationship between the cognitive test scores categories and breakfast consumption habits (p = 0.002). While, a greater percentage of breakfast consumers had excellent scores in Math (78%), Science (87%), and Arabic (98%), the performance was not significantly different from that reported for the breakfast skippers.
We divided the study population into two categories based on the reported frequency of breakfast intake per week: those consuming breakfast (a) more than 4 times a week (consumers), and (b) less than 4 times a week (skippers). Our findings showed that the former group achieved higher cognitive scores compared to the latter group (Table 2) . Out of the 176 schoolchildren who were "above average" and "intellectually superior," 61% reported that they consumed breakfast more than 4 times per week. Moreover, a greater percentage of breakfast consumers also achieved higher academic scores in Math, Science, and Arabic language. However, the difference in the academic performances between the two groups, in general, did not reach a significant level.
After recategorizing the cognitive scores as (a) below average (intellectually impaired and below average as one category) and (b) average and above (average, above the average, and intellectually superior as one category), it was found that most of the schoolchildren who reported skipping breakfast achieved below average scores while more than half of our total sample (56%) who were breakfast consumers had average and above cognitive scores. The unadjusted odds ratio was 2.3 (95% CI: 1.2-4.5) indicating that children who consumed breakfast regularly were twice more likely to achieve higher cognitive scores compared to those who were breakfast skippers (Table 3) . Table 4 summarizes the cognitive and academic performances of the schoolchildren based on the breakfast composition they reported. A higher percentage of students who demonstrated excellent performances in Math, Science, and Arabic language consumed more milk, dairy products, and carbohydrates for breakfast compared to the students with poorer performance in the same subjects. The types of food groups consumed for breakfast did not show a statistically significant association with the cognitive/ academic performances, except for the association between the consumption of carbohydrates and performance in Arabic language (p < 0.05).
Association between breakfast composition and cognitive/academic performance
DISCUSSION
Several studies have investigated the positive effects of breakfast consumption on cognitive and academic performances in children and adolescents (Adolphus et al., 2016; Wesnes et al., 2003; Ral et al., 2012; Defeyter and Russo, 2013; Mahoney et al., 2005; Cooper et al., 2011; Liu et al., 2013; Mohd Nasir et al., 2012; Pivik et al., 2012; Baldinger et al., 2012) . This study, to the best of our knowledge, is the first one to explore the same among schoolchildren in Saudi Arabia. This crosssectional study confirmed the hypothesis that breakfast consumption is positively related to the cognitive performance of schoolchildren, including attention, n (%) are presented a. Information on breakfast intake on the day of the test was used to compare the intake with the cognitive test results. Information on habitual breakfast intake was used to compare the intake with b. Data was extracted from school records academic achievements of the students. * p value was calculated using a chi-square test if one or more of cells had an expected frequency of five or more. Otherwise, Fisher's exact test was used. memory, and executive functions (p < 0.05). Our findings are consistent with those from several previous studies (Adolphus et al., 2016; Wesnes et al., 2003; Defeyter and Russo, 2013; Mahoney et al., 2005; Cooper et al., 2011; Liu et al., 2013; Mohd Nasir et al., 2012; Pivik et al., 2012; Edwards et al., 2011; Edefonti et al., 2014) . In their review, Galioto and Spitznagel (2016) have identified thirteen intervention studies that demonstrate the positive effect of breakfast on attention in both children and adults. In our study, schoolchildren who were regular breakfast consumers were found to be twice more likely to achieve higher cognitive scores compared to the breakfast skippers. Compared to breakfast skippers, the consumers had higher academic scores in Mathematics, Science, and Arabic language, although the differences were not significant. Studies on the impact of breakfast consumption on academic performances have produced mixed results (Vishnukumar et al., 2018; Taha, 2017; Adolphus et al., 2013; Littlecott et al., 2016) . The use of the end-of-year academic grades to measure the effects of breakfast consumption may be not ideal, since the grades could be affected by several confounding factors such as the quality of school (teaching quality, facilities, and class size), family (parent's education levels and socioeconomic status) and the individual characteristics of the students (behavior, motivation and personality) (Mushtaq and Khan et al., 2012) .
Overall, our findings are in line with the suggestion that the beneficial effects of regular breakfast consumption on intellectual and cognitive performances are modest and short-term (4 hours post consumption) (Galioto and Spitznagel, 2016) . In our study, the schoolchildren took the cognitive test early in the morning (between 7:00 and 8:00 a.m.), which could explain the significant effects of breakfast consumption on their scores. An additional implication of this finding is the possibility that, demanding mental tasks are more sensitive to nutritional influences, (Russo, 2013; Cooper et al., 2011; Scholey et al., 2001) which is consistent with several studies that have suggested that the time of testing after consumption of breakfast should be taken into consideration. The strongest effects of breakfast consumption on test performances have been reported at 130-and 200minutes post ingestion (Wesnes et al, 2003; Ingwersen et al., 2007) .
The present study also examined the effect of the selfreported breakfast composition on both cognitive and academic performances. Consistent with the literature, we found that the composition of breakfast, in general, did not influence the academic or cognitive performances except for an association between carbohydrates and better performance in the Arabic language (Edefonti et al., 2014; Galioto and Spitznagel, 2016) . We found that a greater percentage of students who consumed milk, dairy products, and carbohydrates for daily breakfast achieved excellent scores in Math, Science, and Arabic languages. However, the difference in their performances when compared to those who did not consume these food types for breakfast did not reach a significant level. Edefonti et al. (2014) reviewed 16 studies that compared cognition in healthy adults after breakfast containing different macronutrient compositions and found no significant differences. Nevertheless, a limited number of studies have reported that breakfast composition influences cognitive functions (Michaud et al., 1991; Benton et al., 2003; Holt et al., 1999) . These inconsistent results could be due to the different methods used for assessing or categorizing the breakfast intake. The use of the glycemic index (GI) as a measure to assess the breakfast composition, as suggested by Micha et al. (2011) supports a previous hypothesis that the glucose status has a direct effect on cognitive function.
The findings of our study emphasize the importance of developing and implementing school nutrition policies to support healthy eating behaviors in schoolchildren during their formative years, and to apply the recommended nutritional standards to the items sold at the school canteens. Given the positive experiences reported in other countries, it would also be a good idea to restart the school-based breakfast program (discontinued in 1981), which provided free breakfast to all students across the country, or to at least run the program with a suitable budget for the students (Christensen et al. 2019) .
Strength and limitation
This study has some limitations that deserve attention. First, we did not distinguish between week-day and weekend-breakfast consumption frequencies. Second, since this is designed as a cross-sectional study, any explanation regarding the mechanism and direction of associations between breakfast intake and cognition or academic performance is not possible. The validity of the findings from such a study design may be affected by unmeasured confounding factors (Adolphus et al., 2017) . Further longitudinal and experimental studies are recommended for an in-depth assessment of the association between breakfast intake and cognitive/academic performances among Saudi schoolchildren, using a detailed dietary assessment, and keeping in consideration the potential confounding factors. (66) a. breakfast composition data was extracted from the self-reported questionnaire. b. The academic performance of the schoolchildren was extracted from the school records; * p value was calculated using the chi-square test if the one or more of the cells had an expected frequency of five or more; otherwise, Fisher's exact test was used.
CONCLUSIONS
Our findings support the hypothesis that consumption of breakfast has a short-term positive impact on cognitive performance among school-aged children. Nevertheless, the long-term beneficial effects of breakfast, as indicated by academic performances, were not confirmed. Therefore, the development of school breakfast programs is recommended to promote healthy eating habits among school-age children.
